Fractographic analysis of Co-and Fe-based high strength soft magnetic materials showed the high localization of the plastic deformation and the ductility in narrow shear bands. The estimated fracture toughness of these materials is closely associated with the scale of the local plastic zone.
Introduction
The ultrahigh strength alloys exhibit simultaneously good soft magnetic properties: a low coercivity and an extremely high permeability [1, 2] . In recent years new high strength Co-and Fe-based alloys with the fracture strength of ≈ 5 and 4 GPa, respectively, were developed [3, 4] . These amorphous metals usually exhibit very poor ductility (< 0.5%) that limits their applications. The enlarged temperature interval T g − T x gives the chance to modify the ductility of these metallic glasses. The aim of this work is the comparative study of the ductility of typical Fe-and Co-based high strength amorphous alloys.
Experimental details
The amorphous ribbons Fe 65.9 Cr 11.6 Si 7.5 B 15 and Co 43 Ta 5.5 Fe 20 B 31.5 (in at.%) with the thickness of 40 and 45 µm, respectively, prepared by melt spinning (95) method were used. The glass transition temperature T g and the crystallization onset temperature T x were determined by differential scanning calorimetry (DSC) or differential thermal analysis (DTA). Vickers microhardness Hv was measured with experimental error of 5% under the load of 50 g. The fracture surface of the specimen failed under an uniaxial tension was investigated using the high resolution scanning electron microscope.
Results and discussion
The thermographs of samples Fe 65.9 Cr 11.6 Si 7.5 B 15 and Co 43 Ta thermoanalytical characterization of samples as well as measured Vickers microhardness Hv, the average width of dimples (or the wavelength of the vein features) d on fracture surface and the estimated fracture stress σ f are summarized in Table. Based on the microhardness, the tensile yield strength σ y (for ultrahigh strength glasses σ y ≈ σ f [3] ) was estimated as 4 and 5 GPa (see Table) . The fractographic observations have shown that the failure surface for both the samples has a ductile morphology created by meniscus instability processes. The chevron pattern morphology and the massive river relief with dimple structure manifestations were typical of Fe-based ribbons as Fig. 2a shows. Individual chevrons propagated by multiple shear band intersections are covered by the vein pattern. Figure 2b shows the detail of the flat failure river-like bifurcate fracture surface with small network cellular morphology. The average cell size d is 350 nm. The high strength Co-based amorphous alloys are already fragile in as-quenched state at room temperature. This is illustrated with the cleavage-like behaviour in the fracture mode as can be seen in Fig. 3a . The detail of ripples in Fig. 3b shows very fine cells with typical size d = 40 nm. The tensile fracture strength was estimated according to Hv = 3σ y [5] . From the macroscopic point of view the deformation is highly localized into thin shear bands. Due to the high accumulated energy in these bands, structural changes associated with a heat generation [6] and a dramatic viscosity decrease occur and therefore the final ductile fracture morphology has high local plasticity [7, 8] . The plastic zone size and the fracture toughness are highly correlated. A plastic zone size can be estimated as follows [9] :
where w is the average critical plastic zone size, K c is the fracture toughness and σ f represents the fracture strength. Xi et al. [9] have supposed that the value of dimple size d corresponds to the plastic zone size w. From the measured mean value of d we estimated the fracture toughness K c as 4 and 10 MPa √ m for the Co-and Fe-based amorphous soft magnetic ribbon, respectively. Such values are typical of very brittle metallic glasses [8, 9] .
Summary
Fractographic analysis of Co-and Fe-based soft magnetic ribbons has shown that the ductile morphology and the massive river relief have dimple structure manifestations. The sub-µm-scaled dimple structure in the fracture surface of the brittle glasses illustrates very high local plasticity.
